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(54) Color lighting apparatus and method and image projection apparatus and method using the 
same 



(57) A color lighting apparatus and method which 
has a small optical apparatus or method illuminating 
color beams with a high optical efficiency and an image 
projection apparatus and method using the same. The 
color lighting apparatus includes a light source, a color 
beam separating unit for separating incident light ac- 
cording to predetermined wavelength bands, a first con- 
densing lens which condenses the light separated by 
the color beam separating unit, and a scrolling unit 
which changes the travel paths of beams separated ac- 
cording to the predetermined wavelength bands, forms 



color bars at different locations, and scrolls the incident 
light so as to periodically scroll the color bars. The image 
projection apparatus includes the color lighting appara- 
tus, a second condensing lens which again focuses in- 
cident light, a uniform light forming unit which makes 
light passing through a scrolling unit into uniform light, 
an image forming device which forms an image from the 
light passing through the uniform light forming unit, and 
a projection lens unit which magnifies and projects the 
image produced form the image forming device onto a 
screen. 
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Description 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the priority of Korean 
Patent Application No. 2002-74109, filed on November 
26, 2002, in the Korean Intellectual Property Office, the 
disclosure of which is incorporated herein in its entirety 
by reference. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0002] The present invention relates to a color lighting 
apparatus and method for illuminating color beams by 
separating white light emitted from a light source into 
several color beams and an image projection method 
and apparatus using the same. More particularly, the 
present invention relates to a small optical color lighting 
apparatus and method for illuminating color beams hav- 
ing high optical efficiency, and an image projection ap- 
paratus and method using the same. 

2. Description of the Related Art 

[0003] Generally, image projection systems provide 
images by projecting an image using a micro display, 
such as a liquid crystal display or a digital micromirror 
display, on a screen using a light source. 
[0004] The image projection systems are classified in- 
to single-panel image projection systems and 3-panel 
image projection systems, according to the number of 
micro displays. The 3-panel image projection systems 
include three micro displays which are disposed on op- 
tical paths of separated red, blue, and green beams, re- 
spectively. Thus, the 3-panel image projection system 
has a higher optical efficiency than a single-panel image 
projection system, but its optical structure is more com- 
plicated, resulting in higher manufacturing costs. 
[0005] Meanwhile, general single-panel image pro- 
jection systems periodically separate white light emitted 
from a light source into red, blue, and green beams us- 
ing a color wheel filter. The single-panel image projec- 
tion systems have a more simpler optical structure than 
the 3-panel image projection systems, but have 2/3 
more light loss than the 3-panel image projection sys- 
tems due to the use of the color wheel filter, resulting in 
a reduced optical efficiency. A conventional image pro- 
jection system, which uses a single-panel image projec- 
tion system but solves the problem of the low optical ef- 
ficiency, is illustrated in FIG. 1. 

[0006] As illustrated in FIG. 1 , the conventional sin- 
gle-panel image projection system includes a light 
source 11 for generating and irradiating non-polarized 
white light. The irradiated white light is converted into 
uniform light after passing through a fly eye lens array 
13, which transforms incident light into uniform light by 



mixing the incident light, and then proceeds to a polar- 
izing converter 1 5. The polarizing converter 15 changes 
the polarization of the non-polarized white light, irradi- 
ated from the light source 11 , so that the non-polarized 
5 white light has a single polarization direction. The white 
light passed through the polarizing converter 15 is sep- 
arated into red (R), green (G), and blue (B) beams by 
passing through first and second dichroic mirrors 1 7 and 
19. Specifically, the first dichroic mirror 17 reflects only 

10 a color beam in the blue wavelength spectrum of the 
incident white light and transmits all other color beams. 
Next, the second dichroic mirror 1 9 separates the trans- 
mitted color beams into red and green beams, and sim- 
ilarly only transmits one of the colors. 

15 [0007] First, second, and third scanning prisms 21 ,23 
and 25, for periodically scrolling incident light, are dis- 
posed along the respective optical paths of the separat- 
ed R, G, and B beams. The first, second, and third scan- 
ning prisms 21 , 23, and 25 may be square pillar-shaped 

20 prisms and rotatably driven by a driving unit (not shown). 
Angles between optical axes on the optical paths of the 
R, G, and B beams and sidewalls of the prisms 21 , 23 
and 25, change due to the rotatable drive of the first, 
second, and third scanning prisms 21, 23, and 25 so 

25 that the travel path of the beams passing through the 
prisms 21 , 23, and 25 changes periodically. 
[0008] Here, the initial angles of the first, second, and 
third scanning prisms 21 , 23, and 25 are set such that 
the light passing through the prisms 21 , 23, and 25 sep- 

30 arates an effective image area of a display device 33 
into three areas. Light passing through the prisms 21 , 
23 and 25 is then irradiated onto the three effective im- 
age areas, when the first, second, and third scanning 
prisms 21 , 23 and 25 are rotatably driven along the op- 

35 tical paths of the R, G, and B beams. Thus, as illustrated 
in FIG. 2, the beams are focused onto the separated 
three areas while repeating a (B, R, G), (G, B, R), and 
(R, G, B) ordering according to the driven state of the 
prisms 21 , 23 and 25. 

40 [0009] The ordered beams exiting the first, second, 
and third scanning prisms 21 , 23, and 25 are combined 
after passing though third and fourth dichroic mirrors 27 
and 29. Here, reflecting mirrors 18 and 20, for changing 
the travel path of light, are disposed between the first 

45 and third dichroic mirrors 17 and 27 and between the 
second and fourth dichroic mirrors 19 and 29, respec- 
tively. 

[0010] The scrolled light passing through the fourth 
dichroic mirror29 is incident on a polarized beam splitter 

50 31 , which transmits or reflects incident light according 
to its polarization direction. As illustrated in FIG. 2, light 
reflected from the polarized beam splitter 31 is scrolled 
periodically and incident on the display device 33. The 
display device 33 forms an image from the incident light. 

55 Here, the image is produced by changing the polariza- 
tion direction of the incident light on each pixel. 
[0011] That is, only incident light whose polarization 
direction changes can pass through the polarized beam 
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splitter 31 and proceed to a projection lens unit 35. The 
image incident on the projection lens unit 35 is then 
magnified and projected onto a screen 50. 
[0012] The image projection system also includes a 
plurality of relay lenses 41, 42, 43, 44, 45, 46, 47 and 
48 which are disposed along the optical path of light and 
transfer the incident light irradiated from the light source 
11 to the display device 33. 

[001 3] Although only one display device is used in the 
conventional image projection system having the above 
structure, the optical structure of the image projection 
system is very complicated. Further, since the three 
scanning prisms rotate and scroll light independently, it 
is difficult to synchronize the image projection system 
with the display device. 

SUMMARY OF THE INVENTION 

[0014] Therefore, the present invention provides a 
color lighting apparatus and method that has a simple 
optical structure and illuminates scrolled color beams. 
[0015] The present invention also provided a single 
panel image projection apparatus and method that in- 
cludes a simple optical structure and is easily synchro- 
nized with the driving of a display device. 
[0016] Additional aspects and/or advantages of the 
invention will be set forth in part in the description which 
follows and, in part, will be obvious from the description, 
or may be learned by practice of the invention. 
[001 7] To accomplish the above and/or other aspects 
and advantages, embodiments of the present invention 
provide a color lighting system, including a light source 
to emit light, a color beam separator separating incident 
light emitted from the light source according to prede- 
termined wavelength bands and transmitting the sepa- 
rated beams at different angles, a first condensing lens 
condensing the separated beams, and a scrolling unit 
changing travel paths of the condensed beams in color 
bars at different locations, and scrolling the changing of 
the travel paths of the condensed beams so as to peri- 
odically scroll the color bars. 

[0018] The color beam separator, may include a first 
dichroic mirror, inclined to the optica! axis of light inci- 
dent to the color beam separator, reflecting a first color 
beam of the incident light and transmitting the remaining 
color beams, a second dichroic mirror, inclined to the 
optical axis of the incident light and disposed behind a 
back surface of the first dichroic mirror, reflecting a sec- 
ond color beam of the color beams transmitted by the 
first dichroic mirror, and transmitting the remaining color 
beam, and a third dichroic mirror, inclined to the optical 
axis of the incident light and disposed behind a back sur- 
face of the second dichroic mirror, and reflecting a third 
color beam of the color beams transmitted by the sec- 
ond dichroic mirror. 

[0019] To accomplish the above and/or other aspects 
and advantages, embodiments of the present invention 
provide an image projection system, including a light 



source emitting light, a color beam separator separating 
incident light beams, emitted from the light source, ac- 
cording to predetermined wavelength bands and trans- 
mitting the separated beam at different angles, a first 
5 condensing lens condensing the separated beams, a 
scrolling unit changing travel paths of the condensed 
beams to form color bars at different locations and 
scrolling the changing of the travel paths of the con- 
densed beams so as to periodically scroll the color bars, 

10 a second condensing lens condensing light exiting the 
scrolling unit, a uniform light forming unit transforming 
the light exiting the scrolling unit into uniform light, an 
image forming device forming an image from light exit- 
ing the uniform light forming unit, and a projection lens 

is unit magnifying and projecting the image produced from 
the image forming device onto a screen. 
[0020] The color beam separator may include a first 
dichroic mirror, inclined to an optical axis of light incident 
on the color beam separator, reflecting a first color beam 

20 of the incident light and transmitting the remaining color 
beams, a second dichroic mirror, inclined to the optical 
axis of the incident light and disposed behind a back sur- 
face of the first dichroic mirror, reflecting a second color 
beam of the color beams transmitted by the first dichroic 

25 mirror and transmitting the remaining color beam, and 
a third dichroic mirror, inclined to the optical axis of the 
incident light and disposed behind a back surface of the 
second dichroic mirror, reflecting a third color beam of 
the color beams transmitted by the second dichroic mir- 

30 ror. 

[0021] To accomplish the above and/or other aspects 
and advantages, embodiments of the present invention 
include a color lighting method, including separating in- 
cident light according to predetermined wavelength 
35 bands, transmitting the separated beams at different an- 
gles to a condensing unit, condensing the transmitted 
beams using the condensing unit, changing travel paths 
of the transmitted beams to generate color bars, and 
scrolling the changing of the travel paths of the con- 
40 densed beams so as to periodically scroll the color bars. 
[0022] The color lighting method may further include 
condensing the changed travel path condensed beams, 
forming an image using the condensed changed travel 
path condensed beams, and projecting the formed im- 
45 age onto a screen. 

[0023] Additionally, the separating of the incident light 
may include reflecting a first color beam, of the incident 
light, at a first angle and transmitting the remaining color 
beams incident on the color beam separator to the con- 
so densing unit, reflecting a second color beam, of the re- 
maining color beams, at a second angle and transmit- 
ting color beams remaining after the second reflection 
to the condensing unit, and reflecting a third color beam, 
of the beams remaining after the second reflection, at a 
55 third angle and transmitting color beams remaining after 
the third reflection to the condensing unit. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] These and/or other aspects and advantages of 
the Invention will become apparent and more readily ap- 
preciated from the following description of the embodi- 
ments, taken in conjunction with the accompanying 
drawings of which: 

FIG. 1 schematically illustrates an optical arrange- 
ment of a single-panel image projection system us- 
ing a conventional color lighting system; 
FIG. 2 illustrates changes in disposition of color 
beams separated by the driving scanning prisms of 
FIG. 1; 

FIG. 3 schematically illustrates an optical arrange- 
ment of a color lighting apparatus and method and 
an image projection apparatus and method using 
the same, according to an embodiment of the 
present invention; 

FIG. 4 is a perspective view of a cylindrical array 
lens and a driving unit of the scrolling unit of FIG. 3, 
according to an embodiment of the present inven- 
tion; 

FIG. 5 is a cross-sectional view of FIG. 4; 
FIGS. 6 through 8 are views for schematically ex- 
plaining operations of the color lighting apparatus 
and method illustrated in FIG. 3; 
FIG. 9 schematically illustrates an optical arrange- 
ment of a color lighting apparatus and method, ac- 
cording to another embodiment of the present in- 
vention; 

FIG. 10 is a schematic perspective view of elements 
of FIG. 9; and 

FIG. 11 schematically illustrates an optical arrange- 
ment of a color lighting apparatus and method, ac- 
cording to another embodiment of the present in- 
vention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0025] Reference will now be made in detail to the em- 
bodiments of the present invention, examples of which 
are illustrated in the accompanying drawings, wherein 
like reference numerals refer to the like elements 
throughout. The embodiments are described below to 
explain the present invention by referring to the figures. 
[0026] FIG. 3 illustrates a color lighting apparatus ac- 
cording to an embodiment of the present invention, in- 
cluding a light source 60, a color beam separating unit 
70, separating incident light emitted from the light 
source 60 according to a predetermined wavelength 
band, a first condensing lens 81, condensing color 
beams separated by the color beam separating unit 70, 
and a scrolling unit 90. The scrolling unit 90 changes the 
travel paths of the color beams separated according to 
the predetermined wavelength bands, forms color bars 
on different locations, and scrolls the incident light so as 



to periodically scroll the color bars. 
[0027] The light source 60, generating and irradiating 
white light, includes a lamp 61 generating light and a 
reflecting mirror 63 reflecting the light emitted from the 

5 lamp 61 and guiding the travel path of the reflected light. 
The reflecting mirror 63 may be an elliptical mirror, 
where the position of the lamp 61 is a first focal point 
and the point where light is focused is a second focal 
point. Alternatively, the reflecting mirror 63 may be a par- 

10 abolic mirror where the position of the lamp 61 is a focal 
point and the parabolic mirror collimates the light emit- 
ted from the lamp 61 . In FIG. 3, the reflecting mirror 63 
is a parabolic mirror. 

[0028] The color beam separating unit 70 separates 
15 the light emitted from the lamp 61 according to prede- 
termined wavelength bands, and transmits the separat- 
ed color beams at different angles. For this, the color 
beam separating unit 70 includes first, second, and third 
dichroic mirrors 71 , 73, and 75 which each reflect light 
20 having a specific wavelength band, and separate the in- 
cident light into first, second, and third color beams L1 , 
L2 t and L3. The separated first, second, and third color 
beams L1 , L2, and L3 proceed to the first condensing 
lens 81 at respectively different angles of 61 , 62, and 63 
25 between optical axes of the respective color beams L1 , 
L2, and L3 and the respective dichroic mirrors 71, 73, 
and 75. 

[0029] Specifically, the first dichroic mirror 71 is in- 
clined at the angle of 61 to the optical axis of the incident 

30 light in a travelling direction of the light reflected from 
the reflecting mirror 63, reflects the first color beam L1 , 
e.g., a blue beam of the incident light, and transmits 
color beams other than the blue beam. The second di- 
chroic mirror 73 is inclined at the angle of 62 to the op- 

35 tical axis of the incident light in a travelling direction of 
the light reflected from the reflecting mirror 63, is dis- 
posed on a back surface of the first dichroic mirror 71 , 
reflects the second color beam L2, e.g., a red beam of 
the incident light, and transmits the remaining color 

40 beam. Similarly, the third dichroic mirror 75 is inclined 
at the angle of 03 to the optical axis of the incident light 
in a travelling direction of the light reflected from the re- 
flecting mirror 63, is disposed in a back surface of the 
second dichroic mirror 73, and reflects the third color 

45 beam L3, e.g., a green beam of the incident light. Here, 
the third dichroic mirror 75 may also be a total reflection 
mirror that can reflect all of the color beams. 
[0030] Meanwhile, 61, 62, and 63 are obtuse angles 
and satisfy the following formula 1 so as to line up the 

50 optical axes of the first, second, and third color beams 
L1 , L2, and L3, reflected from the first, second, and third 
dichroic mirrors 71 , 73, and 75, onto the first condensing 
lens 81. 

61 > 62 > 63 (1) 
[0031] The first, second, and third dichroic mirrors 71 , 
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73, and 75 may be disposed to reflect other color beams 
in addition to the one color beam, wherein each of the 
mirrors 71, 73, and 75 can reflect individually. Further, 
since a method for manufacturing the first, second, and 
third dichroic mirrors 71, 73, and 75 is known to those 
of ordinary skill in the field of applied optics, a descrip- 
tion thereof will be omitted. 

[0032] The first condensing lens 81 focuses the color 
beams separated form the first, second, and third dich- 
roic mirrors 71 , 73, and 75. To do so, it is preferable that 
the first condensing lens 81 is a cylindrical lens selec- 
tively focusing incident light, incident on the condensing 
lens 81, only along particular incidence paths. The 
shape of the first focusing lens 81 also is substantially 
the same as that of a focusing lens indicated as refer- 
ence numeral 81 in FIG. 10. 

[0033] It is possible that the first condensing lens 81 
is a refraction optical element having a predetermined 
refraction pattern on a flat panel, selectively focusing in- 
cident light, incident on the condensing lens 81, only 
along particular incidence paths, as referenced above. 
Since the structure and a manufacturing method of a 
lens for converging or diverging the incident light ac- 
cording to a refraction pattern are widely known, their 
description will also be omitted. 

[0034] The scrolling unit 90 includes a first cylindrical 
array lens 91 and a first driving unit 100. The first cylin- 
drical array lens 91 includes a plurality of cylindrical 
lenses 91 a which have the same index of refraction and 
are adjacently disposed. Here, the plurality of cylindrical 
lenses 91a independently converge or diverge incident 
light. For example, the concave cylindrical lenses 91 a, 
for diverging incident light, are illustrated in FIG. 3. The 
cylindrical lenses 91 a may also form refractive patterns 
on the flat panel. 

[0035] It is preferable that the scrolling unit 90 further 
includes a second cylindrical array lens 93 and a second 
driving unit 100', for driving the second cylindrical array 
lens 93. The second cylindrical array lens 93 scrolls the 
light passing through the first cylindrical array lens 91 
and is disposed along the optical path of the first cylin- 
drical array lens 91. The second cylindrical array lens 
93 includes a plurality of cylindrical array lens 91. The 
second cylindrical array lens 93 includes a plurality of 
cylindrical lenses 93a which have the same index of re- 
fraction and are adjacently disposed, as in the first cy- 
lindrical array lens 91. Here, the plurality of cylindrical 
lenses 93a independently converges or diverges inci- 
dent light. The cylindrical lenses 93a may also be con- 
cave for diverging incident light, or of a certain shape 
that can converge or diverge the incident light by forming 
a refractive pattern on the flat panel. 
[0036] The first and second driving units 1 00 and 1 00' 
provide a driving force for reciprocatingly-driving the first 
and second cylindrical array lenses 91 and 93 in a di- 
rection perpendicular to the optical axis of the incident 
light. 

[0037] Referring to FIGS. 4 and 5, the first and second 



driving units 100 and 100' reciprocatingly-drive the first 
and second cylindrical array lenses 91 and 93 in up and 
down directions as shown in FIGS. 4 and 5. Each of the 
first and second driving units 100 and 100' includes a 
5 yoke member 1 01 , illustrated in FIG. 5, where an inside 
yoke and an outside yoke are integrally formed to gen- 
erate a magnetic path, a magnet 1 03 provided within the 
outside yoke of the yoke member 1 01 , and a coil mem- 
ber 1 05, opposite to the magnet 1 03 and wound around 
10 a bobbin 92 extended from the first and second cylindri- 
cal array lenses 91 and 93. Here, the direction of mag- 
netic force lines of the magnet 103 and the direction in 
which the coil member 105 is wound are determined 
such that an electromagnetic force between the coil 

15 member 1 05 and the magnet 1 03 is in the up and down 
direction, as illustrated in FIGS. 4 and 5. 
[0038] Since the first and second driving units 1 00 and 
1 00' independently drive the first and second cylindrical 
array lenses 91 and 93, light passing through the first 

20 and second cylindrical array lenses 91 and 93 is sepa- 
rated into three areas, at an effective image area, of the 
image forming device 130. Accordingly, color bars are 
formed in the separated areas and are then scrolled. 
Thus, the color bars are formed at a forming position of 

25 an image forming device 130, which will be described 
in more detail below. Beams having first, second, and 
third wavelength bands, that is, red (R), green (G), and 
blue (B) wavelength bands, are alternatively incident on 
the separated three areas. For example, the R, G, and 

30 B beams are alternatively focused in a (G, R, B), (R, B, 
G), and (B, G, R) ordering. The first and second driving 
units 1 00 and 1 00' may be a voice coil motor or a piezo 
driving unit. 

[0039] The color lighting apparatus, according to this 
35 embodiment of the present invention, may further in- 
clude a second condensing lens 83, a uniform light form- 
ing unit 110, and a relay lens 120 for transferring the 
light to a predetermined position without changing the 
size of the light, in consideration of the focal point and 
40 uniformity of the light passing through the scrolling unit 
90. 

[0040] The second condensing lens 83 further con- 
denses the light passing through the scrolling unit 90. It 
is preferable that the second condensing lens 83 is a 

45 cylindrical lens for selectively focusing light incident on 
the condensing lens 81 , only along particular incidence 
paths. Further, it is possible that the second condensing 
lens 83 is a diffraction optical element having a diffrac- 
tion pattern, on a flat panel, so as to selectively focusing 

50 light on the condensing lens 81, only along particular 
incidence paths, as described above. 
[0041] The uniform light forming unit 110 is disposed 
on an optical path between the second condensing lens 
83 and the relay lens 120 and transforms the light pass- 

55 ing through the scrolling unit 90 into uniform light. For 
this, the uniform light forming unit 1 1 0 includes a first fly 
eye lens 111 having a plurality of convex portions 111a 
which are two-dimensionally arranged on an incident 
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surface and/or an emitting surface of the incident light, 
and a second fly eye lens 113 which is disposed adja- 
cent to the first fly eye lens 111 and has a plurality of 
convex portions 113a which are two-dimensionally ar- 
ranged on the incident surface and/or the emitting sur- 5 
face. 

[0042] The uniform light forming unit 1 1 0 may include 
another optical element such as a glass rod, as well as 
the first and second fly eye lenses 111 and 113. The re- 
lay lens 1 20 transfers the light passing through the uni- 10 
form light forming unit 110 to a predetermined position, 
for example, the forming position of the image forming 
device 130. 

[0043] The operative method of the color lighting ap- 
paratus having the above-described structure will now 15 
be further described, with reference to FIG. 3, and as 
illustrated in FIGS. 6 through 8. 

[0044] FIG. 6 illustrates an example of an embodi- 
ment of the first and second cylindrical array lenses 91 
and 93, as oriented by driving the first and second driv- 20 
ing units 100 and 100\ When the optical elements are 
disposed, as illustrated in FIG. 6, the color beams sep- 
arated from the color separating unit 70 are condensed 
onto the first condensing lens 81, and the condensed 
beam is separated into several beams by the first cylin- 25 
drical array lens 91 . The separated beams pass through 
the second cylindrical array lens 93, the second con- 
densing lens 83, the uniform light forming unit 11 0, and 
the relay lens 120, and thereby form color bars at the 
predetermined position. Here, the formed color bars are 30 
represented by reference numeral 130a, and the G, R, 
and B beams are disposed in a (G, R, B) ordering in the 
direction from the upper part to the lower part of the bars 
130a, as shown in FIG. 6. Since the color beams sepa- 
rated from the color separating unit 70 are incident on 35 
the first condensing lens 81 at different angles and are 
transferred to their respective predetermined positions 
via different optical paths, formed by the above optical 
elements, i.e., the second cylindrical array lens 93, the 
second condensing lens 83, the uniform light forming 40 
unit 110, and the relay tens 1 20, it is possible to separate 
the incident light into the color beams. 
[0045] It is preferable that the total focal length of the 
first and second condensing lenses 81 and 83, and the 
first and second cylindrical array lenses 91 and 93, is *s 
set such that the beam emitted from the second con- 
densing lens 83 is focused onto the first fly eye lens 1 1 1 
when the parallel beam is incident on the first condens- 
ing lens 81 . The focal length is set according to the index 
of refraction of the above optical elements. Since a so 
method for setting the focal length is known, a descrip- 
tion thereof will be omitted. 

[0046] FIG. 7 illustrates another example of arranging 
the first and second cylindrical array lenses 91 and 93 
by driving the first and second driving units 1 00 and 1 00*. 55 
As an alternative to the embodiment illustrated in FIG. 
6, the first cylindrical array lens 91 is disposed at a high- 
er position than the second cylindrical array lens 93. The 



color bars, formed when the first and second cylindrical 
array lenses 91 and 93 are disposed as illustrated in 
FIG. 7, are represented by reference numeral 1 30b, with 
the R, B, and G beams being disposed in an (R, B, G) 
order, from the upper part to the lower part of the color 
bars 130b. 

[0047] FIG. 8 illustrates yet another example of ar- 
ranging the first and second cylindrical array lenses 91 
and 93 by driving the first and second driving units 1 00 
and 100*. As another alternative to the embodiments il- 
lustrated in FIGS. 6 and 7, as illustrated in FIG. 8, the 
first cylindrical array lens 91 can be disposed at an ever 
higher position than the second cylindrical array lens 93. 
That is, a difference in height between the first and sec- 
ond cylindrical array lenses 91 and 93, in FIG. 8, is great- 
er than that in FIG. 7. In this case, the color bars, formed 
when the first and second cylindrical array lenses 91 and 
93 are disposed as illustrated in FIG. 8, are represented 
by reference numeral 1 30c, with the B, G, and B beams 
being disposed in an (B, G, R) ordering, from the upper 
part to the lower part of the color bars 130c. 
[0048] Thus, the scrolling of color bars 130a, 130b, 
and 130c are repeated by changing the arrangement of 
the first and second cylindrical array lenses 91 and 93 
as shown in FIGS. 6 through 8 by driving the first and 
second driving units 100 and 100'. 
[0049] Referring to FIG. 3, the image projection appa- 
ratus and method according to that embodiment of the 
present invention included the color lighting system, the 
image forming device 130 forming an image from the 
light exiting the uniform light forming unit 1 1 0, and a pro- 
jection lens unit 140 magnifying and projecting the im- 
age, produced from the image forming device 1 30, onto 
a screen 150. 

[0050] Here, the color lighting apparatus and method 
includes the light source 60 generating and emitting 
light, the color beam separating unit 70 separating the 
incident light according to the predetermined wave- 
length band, the first and second condensing lenses 81 
and 83, the scrolling unit 90, and the uniform light form- 
ing unit 110. The structure, disposition, and function of 
the optical elements included in the color lighting system 
were described above, with reference to FIGS. 3 
through 8. 

[0051] The image forming device 130 is disposed at 
a position where the color bars are formed. The effective 
image area of the image forming device 130 is separat- 
ed into the three areas, and the R, B, and G beams for 
forming the color bar are scrolled and are incident on 
the three areas. 

[0052] The image forming device 130 may be trans- 
mission type liquid display. In this case, the transmission 
type liquid display functions as an optical valve and 
forms an image by selectively transmitting or blocking 
the incident light on each pixel. 

[0053] The image forming device 130 may be a re- 
flecting liquid crystal display or a micromirror device for 
making reflecting paths of light incident on each pixel 
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different. In this case, the image projection system may 
further include a beam splitter (not shown), such that the 
image produced from the image forming device 1 30 pro- 
ceeds to the screen 150. Since the structure and func- 
tion of the image forming device 130 are widely known, 
a description thereof will be omitted. 
[0054] The projection lens unit 140 is disposed be- 
tween the image forming device 130 and the screen 
150, and the image produced from the image forming 
device 130 is magnified and projected onto the screen 
150. 

[0055] Referring to FIG. 9, a color lighting apparatus 
and method, according to another embodiment of the 
present invention includes a light source 60, a color 
beam separating unit 70, a first condensing lens 81 , and 
a scrolling unit 190. Here, since the light source 60, the 
color beam separating unit 70, and the first focusing lens 
81 use the same reference numerals as the embodi- 
ment illustrated in FIG. 3 and their structure and function 
are substantially the same as the FIG. 3 embodiment, 
their description will be omitted. 

[0056] Another embodiment of the present invention 
is characterized in that the structure of the scrolling unit 
1 90 can be changed, compared to the scrolling unit 1 90 
of FIG. 3. Referring to FIGS. 9 and 1 0, the scrolling unit 
190 includes a turning cylinder array lens 195, which is 
rotatably disposed on an optica! path of the light and a 
driving unit 200, for rotatably driving the turning cylinder 
array lens 195. 

[0057] The turning cylinder array lens 195 has a cyl- 
inder shape and includes a plurality of cylindrical lenses 
195a, which have the same index of refraction and are 
adjacently disposed. The plurality of cylindrical lenses 
195a independently converges or diverges the incident 
light. The cylindrical lenses 195a may be concave for 
diverging the incident light or may have a certain shape 
for converging or diverging the incident light by forming 
a refractive pattern on the flat panel. 
[0058] Since the driving unit 200 is a general rotatable 
driving device such as a motor and the structure thereof 
is widely known, a description thereof will be omitted. 
[0059] The scrolling unit 1 90 includes the turning cyl- 
inder array lens 195 in this embodiment, which is ad- 
vantageous over other systems in that the color bars 
that are separately formed can be scrolled sequentially, 
uniike the scrolling unit 90 of the previous embodiment. 
[0060] The color lighting system of this embodiment 
may include a second condensing lens 183, a uniform 
light forming unit 110, and a relay lens 120. 
[0061 J As illustrated in FIG. 10, the second condens- 
ing lens 1 83 is disposed to be opposing some of the plu- 
rality of cylindrical lenses 1 95a and have a semi-cylinder 
shape like the first condensing lens 81 . 
[0062] The second condensing lens 1 83 includes first 
areas 1 83a, which are disposed to be opposing the out- 
side lenses among the plurality of cylindrical lenses 
195a, and second areas 183b, which are disposed to 
be opposing the inside lenses among the plurality of cy- 



lindrical lenses 195a. The curvatures of the first areas 
1 83a and the second areas 1 83b are different from each 
other. By having different curvatures, light passing 
through the first areas 183a and light passing though 

5 the second areas 1 83b are focused on the same plane. 
[0063] The uniform light forming unit 1 1 0 is disposed 
along an optical path- between the second condensing 
lens 1 83 and the relay lens 1 20. Since the optical struc- 
ture o'fthe uniform light forming unit 110 is substantially 

10 the same as that of the uniform light forming unit 110 of 
the color lighting system of the previous embodiment, a 
description thereof will be omitted. 
[0064] Referring to FIG. 1 1 , a color lighting system ac- 
cording to another embodiment of the present invention 

15 includes a light source 60, a color beam separating unit 
70, a first condensing lens 81, a scrolling unit 190, a 
second condensing lens 283, a uniform light forming unit 
110, and a relay lens 120. Here, since the light source 
60, the color beam separating unit 70, the first condens- 

20 ing lens 81 , the scrolling unit 190 use the same refer- 
ence numerals as the previous embodiment, with their 
structure and functions being substantially the same, 
their description will be omitted. 

[0065] This additional embodiment is characterized in 
25 that the optical arrangement of the second condensing 
lens 283 is different from the other embodiments. Spe- 
cifically, the second condensing lens 283 is disposed 
between a first fly eye lens 1 1 1 and a second fly eye lens 
113, which are included in the uniform lightforming unit 
30 no. 

[0066] An image projection system according to this 
embodiment of the present invention includes the color 
lighting system, an image forming device (not shown) 
forming an image from light exiting the uniform light 

35 forming unit 1 1 0, and a projection lens unit (not shown) 
magnifying and projecting the image produced from the 
image forming device onto a screen (not shown). The 
color lighting system image included in the image pro- 
jection system of this embodiment is different from that 

40 of a previous embodiment in that the scrolling unit 190 
includes a turning cylinder array lens 195. Since the 
structure, disposition, and function of the remaining op- 
tical elements, other than the turning cylinder array lens 
1 95, are the same as those of a previous embodiment, 

^5 their description will be omitted. That is, the scrolling unit 
190 includes the turning cylinder array lens 195 and a 
driving unit for driving the turning cylinder array lens 1 95 
so that the scrolling unit 1 90 scrolls color bars, with the 
image projection system being easily synchronized with 

so the driving of the image forming device. 

[0067] As described above, according to embodi- 
ments of the present invention, since a color lighting sys- 
tem includes a scrolling unit for illuminating color beams, 
its optical structure can be simple and light can be 

55 scrolled and illuminated, with low light loss. 

[0068] Further, according to embodiments of the 
present invention, an image projection system can be 
easily synchronized with the driving of an image forming 
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device when color bars are scrolled. In addition, since 
the image projection system is a single-panel type, the 
optical structure thereof can be simple. Since the image 
projection system scrolls incident light using first and 
second cylindrical array lenses or a turning cylindrical 
array lens, the optical efficiency thereof can be im- 
proved. 

[0069] Although a few embodiments of the present in- 
vention have been shown and described, it would be ap- 
preciated by those skilled in the art that changes may 
be made in this embodiment without departing from the 
principles and spirit of the invention, the scope of which 
is defined in the claims and their equivalents. 



Claims 

1 . A color lighting system, comprising: 

a light source (60) to emit light; 

a color beam separator (70) separating incident 
light emitted from the light source according to 
predetermined wavelength bands and trans- 
mitting the separated beams at different an- 
gles; 

a first condensing lens (81) condensing the 
separated beams; and 

a scrolling unit (90, 190) changing travel paths 
of the condensed beams in color bars at differ- 
ent locations, and scrolling the changing of the 
travel paths of the condensed beams so as to 
periodically scroll the color bars. 

2. The color lighting system of claim 1, further com- 
prising: 

a second condensing lens (83) condensing the 
light exiting the scrolling unit (90, 190); and 

a uniform light forming unit (110) making the 
light exiting the scrolling unit uniform light. 

3. The color lighting system of claim 2, further com- 
prising a relay lens (120) transferring the light pass- 
ing through the uniform light forming unit (110) to a 
predetermined position. 

4. The color lighting system of claim 2 or 3, wherein 
the second condensing lens (83) is a cylindrical lens 
for selectively condensing incident light, incident on 
the second condensing lens (83), only along partic- 
ular incidence paths. 

5. The color lighting system of claim 2 or 3, wherein 
the second condensing lens (83) is a diffraction op- 



tical element, having a predetermined diffraction 
pattern, for selectively condensing incident light, in- 
cident on the second condensing lens, only along 
particular incidence paths. 

5 

6. The color lighting system as claimed in any of one 
claims 2 through 5, wherein the uniform light form- 
ing unit (110) comprises: 

10 a first fly eye lens (111) having a plurality of con- 

vex portions (111a), two-dimensionally ar- 
ranged on an incident surface and/or an emit- 
ting surface of the light uniform light forming 
unit (110); and 

15 

a second fly eye lens (113), disposed adjacent 
to the first fly eye lens (111), having a plurality 
of convex portions (113a), two-dimensionally 
arranged on the incident surface and/or the 
20 emitting surface of the uniform light forming unit 

(110). 

7. The color lighting system as claimed in any one of 
claims 1 through 6, wherein the color beam sepa- 

25 rator (70). comprises: 

a first dichroic mirror (71 ), inclined to the optical 
axis of light incident to the color beam separator 

(70) , reflecting a first color beam (L1) of the in- 
30 cident light and transmitting the remaining color 

beams; 

a second dichroic mirror (73), inclined to the op- 
tical axis of the incident light and disposed be- 
35 hind a back surface of the first dichroic mirror 

(71 ) , reflecting a second color beam (L2) of the 
color beams transmitted by the first dichroic 
mirror (71), and transmitting the remaining 
color beam; and 

40 

a third dichroic mirror (75), inclined to the opti- 
cal axis of the incident light and disposed be- 
hind a back surface of the second dichroic mir- 
ror (73), and reflecting a third color beam (L3) 
45 of the color beams transmitted by the second 

dichroic mirror (73). 

8. The color lighting system of claim 7, wherein the 
first, second, and third dichroic mirrors (71 , 73, 75) 

so are inclined at different angles (61, 62, 63) to the 
optical axis of the incident light, and the light exiting 
the first, second, and third dichroic mirrors (71 , 73, 
75) is incident on the first condensing lens (81) at 
different angles. 

55 

9. The color lighting system of claim 8, wherein the an- 
gle (61 ) of inclination for the first dichroic mirror (71 ) 
is less than the angle (62) of inclination for the see- 
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ond dichroic mirror (73) which is less than the angle 
(63) of inclination for the third dichroic mirror (75). 

10. The color lighting system as claimed in any of one 
claims 1 through 9, wherein the first condensing 5 
lens (81) is a cylindrical lens for selectively con- 
densing light incident on the first condensing lens 
(81), only along particular incidence paths. 

11. The color lighting system as claimed in any of one 10 
claims 1 through 9, wherein the first condensing 
lens (81) is a diffraction optical element, having a 
predetermined diffraction pattern, so as to selec- 
tively condense light incident on the first condens- 
ing lens (81), only along particular incidence paths. 15 



a turning cylinder array lens (195), rotatably 
disposed along an optical path of light, incident 
on the scrolling unit (190), including a plurality 
of adjacently disposed cylindrical lenses 
(1 95a), along an outer circumference portion of 
the turning cylinder array lens (915), having a 
cylinder shape; and 

• a driving unit (200) rotatably driving the turning 
cylinder array lens (195). 

16. The color lighting system of claim 15, wherein the 
turning cylinder array lens (195) is a diffraction op- 
tical element, forming the plurality of cylindrical 
lenses (195a), using a diffraction pattern. 



12. The color lighting system as claimed in any of one 
claims 1 through 11, wherein the scrolling unit (90) 
comprises: 

a first cylindrical array lens (91 ), including a plu- 
rality of adjacently disposed cylindrical lenses 
(91a) converging and diverging light, incident 
on the first cylindrical array lens (91 ), independ- 
ently; and 

a first driving unit (1 00) providing a driving force 
to scroll light exiting the first cylindrical array 
lens (91) and reciprocatingly-drive the first cy- 
lindrical array lens (91) in a direction perpen- 
dicular to an optical axis of the incident light. 

13. The color lighting system of claim 12, wherein the 
scrolling unit (90) further comprises: 

a second cylindrical array lens (93), separated 
from the first cylindrical array lens (91), includ- 
ing a plurality of adjacently disposed cylindrical 
lenses (93a) converging or diverging light, inci- 
dent on the second cylindrical array lens (93), 
independently; and 

a second driving unit (100') providing a driving 
force to reciprocatingly-drive the second cylin- 
drical array lens (93) in a direction perpendicu- 
lar to the optical axis of the light incident on the 
second cylindrical lens (93). 

14. The color lighting system of claim 13, wherein each 
of the first and second cylindrical array lenses (91 , 
93) is a diffraction optical element, forming the plu- 
rality of cylindrical lenses (91 a, 93a) using a diffrac- 
tion pattern. 

15. The color lighting system as claimed in any of one 
claims 1 through 11 , wherein the scrolling unit (190) 
comprises: 



17. The color lighting system of claim 1, wherein the 
predetermined wavelength bands consist of three 
separate predetermined wavelength bands for 

20 three separate colors. 

18. An image projection system, comprising: 

a light source (60) emitting light beams; 

25 

a color beam separator (70) separating incident 
light beams, emitted from the light source (60), 
according to predetermined wavelength bands 
and transmitting the separated beam at differ- 
30 ent angles; 

a first condensing lens (81) condensing the 
separated beams; 

35 a scrolling unit (90, 190) changing travel paths 

of the condensed beams to form color bars at 
different locations and scrolling the changing of 
the travel paths of the condensed beams so as 
to periodically scroll the color bars; 

40 

a second condensing lens (83) condensing 
light exiting the scrolling unit (90, 190); 

a uniform light forming unit (110) transforming 
4 $ the light exiting the scrolling unit (90, 190) into 

uniform light; 

an image forming device (130) forming an im- 
age from light exiting the uniform light forming 
50 unit (110); and 

a projection lens unit (1 40) magnifying and pro- 
jecting the image produced from the image 
forming device (130) onto a screen (150). 

55 

19. The image projection system of claim 18, wherein 
the color beam separator (70) comprises: 
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a first dichroic mirror (71 ), inclined to an optical 
axis of light incident on the color beam separa- 
tor (70), reflecting a first color beam (L1) of the 
incident light and transmitting the remaining 
color beams; 5 

a second dichroic mirror (73), Inclined to the op- 
tical axis of the incident light and disposed be- 
hind a back surface of the first dichroic mirror 
(71), reflecting a second color beam (L1 ) of the 10 
color beams transmitted by the first dichroic 
mirror (71 ) and transmitting the remaining color 
beam; and 

a third dichroic mirror (75), inclined to the opti- '5 
cal axis of the incident light and disposed be- 
hind a back surface of the second dichroic mir- 
ror (73), reflecting a third color beam (L3) of the 
color beams transmitted by the second dichroic 
mirror (73). 20 

20. The image projection system of claim 19, wherein 
the first, second and third dichroic mirrors (71 , 73, 
75) are inclined at different angles (G1 , 02, G3) to 
the optical axis of the incident light, and light exiting 25 
the first, second, and third dichroic mirrors (71 , 73, 

75) is incident on the first condensing lens (81) at 
different angles. 

21. The image projection system of claim 20, wherein 30 
the angle (81 ) of inclination for the first dichroic mir- 
ror (71) is less than the second angle (62) of incli- 
nation for the second dichroic (73) which is less than 

the angle (83) of inclination for the third dichroic mir- 
ror (75). 35 

22. The image projection system as claimed in any of 
one claims 1 8 through 21 , wherein the first and sec- 
ond condensing lenses (81 , 83) are cylindrical lens- 
es for selectively condensing respective incident *o 
light beams, incident on the corresponding con- 
densing lens, only along particular incidence paths. 

23. The image projection system as claimed in any of 
one claims 1 8 through 21 , wherein each of the first *5 
condensing lens (81) and second condensing lens- 
es (83) are diffraction optical elements having pre- 
determined diffractions pattern so as for selectively 
condensing respective incident light beams, inci- 
dent on the corresponding condensing lens, only so 
along particular incidence paths. 

24. The image projection system as claimed in any of 
one claims 1 8 through 23, wherein the scrolling unit 
(90) comprises: 55 

a first cylindrical array lens (91 ), including a plu- 
rality of adjacently disposed cylindrical lenses 



(91a) converging or diverging light, incident on 
the first cylindrical array lens (91), independ- 
ently; and 

a first driving unit (1 00) providing a driving force 
for scrolling light exiting the first cylindrical ar- 
ray lens (91) and for reciprocatingly-driving the 
first cylindrical array lens (91) in a direction per- 
pendicular to an optical axis of the incident light. 

25. The image projection system of claim 24, wherein 
the scrolling unit further comprising: 

a second cylindrical array lens (93), separated 
from the first cylindrical array lens (91), includ- 
ing a plurality of adjacently disposed cylindrical 
lenses (93a) converging and diverging light, in- 
cident on the second cylindrical array lens (93), 
independently; and 

a second driving unit (100') providing a driving 
force reciprocatingly-driving the second cylin- 
drical array lens (93) in a direction perpendicu- 
lar to an optical axis of the light incident on the 
second cylindrical array lens (93). 

26. The image projection system of claim 25, wherein 
each of the first and second cylindrical array lenses 
(91 , 93) is a diffraction optical element having a pre- 
determined diffraction pattern. 

27. The image projection system as claimed in any one 
of claims 18 through 23, wherein the scrolling unit 
(190) comprises: 

a turning cylinder array lens (195), rotatably 
disposed along an optical path of light incident 
on the scrolling unit (190), including a plurality 
of adjacently disposed cylindrical lenses 
(195a), along an outer circumference portion of 
the turning cylinder array lens (195), having a 
cylinder shape; and 

a driving unit (200) rotatably driving the turning 
cylinder array lens (195). 

28. The image projection system of claim 27, wherein 
the turning cylinder array lens (195) is a diffraction 
optical element, forming the plurality of cylindrical 
lenses using a diffraction pattern. 

29. The image projection system as claimed in any one 
of claims 18 through 28, further comprising a relay 
lens (120) transferring light passing through the uni- 
form light forming unit (110) to a predetermined po- 
sition. 

30. The image projection system as claimed in any one 
of claims 18 through 29, wherein the uniform light 
forming unit (110) comprises: 
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a first fly eye lens (111) having a plurality of con- 
vex portions (111a), two-dimensionaily ar- 
ranged on an incident surface and/or an emit- 
ting surface of the uniform light forming unit 
(110); and 5 

a second fly eye lens (113), disposed adjacent 
to the first fly eye lens (111), having a plurality 
of convex portions (113a), two-dimensionally 
arranged on the incident surface and/or the n> 
emitting surface of the uniform lightforming unit 
(110). 

31. The image projection system as claimed in anyone 
of claims 1 8 through 30, wherein the predetermined *5 
wavelength bands consist of three separate prede- 
termined wavelength bands for three separate 
colors. 
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